Genetic Variance in Nonverbal Intelligence: Data from the Kinships of Identical Twins

Abstract. The multiple relationships within kinships of adult monozygotic twins permit incisive analyses to be made of genetic and environmental effects on behavioral traits. Data from families of 65 monozygotic twin pairs yield evidence of geneticvariance on the Block Design Test, a nonverbal measure of general intelligence.
A comparison of mental ability of foster children with that of their biological and their adoptive parents was first reported in 1924 (/), and 1 year later H. J. Mullet presented the first case report of intellectual resemblance in monozygotic (MZ) co-twins who had been separated in infancy (2) . In the succeeding halfcentury, studies of adopted children and separated identical twins have had a central role in research on genetic and environmental determinants of cognitive abilities. The resultant data have generated a continuing controversy (5) , and its resolution may require new research designs.
The families of adult identical twins provide a new paradigm of particular promise for behavior-genetic study (4) . In this report we describe the paradigm and illustrate its application.
In Fig. 1 the multiple parent-offspring relationships found within families of adult identical twins arc diagramed. Children in each of the nuclear families derive half their genes from a twin parent, those genes being identical with genes of the parent's twin sister or brother (the children's "twin aunt" or "twin uncle"). Since the children and the twin aunt or uncle do not live in the same households, their relationship is somewhat comparable to that between foster children and their biological mother or father. In this way, studies of children of MZ twins provide a parallel to studies of adopted children, with two important advantages: (i) There is no disruption of the nuclear family milieu; the children arc reared by their biological parents in their SCIENCE, VOL. 205, 14 SEPTEMBER 1979 own homes, (ii) In adoption studies biological fathers are rarely available for study (5) ; the relationship of nephew or niece to twin uncle parallels that of foster children to their biological father.
The environmental covariance of a nephew or niece and the twin aunt or uncle will be markedly less than that of a parent and child living in a common household, it may not be zero, however, because MZ twins may select or create similar postmarital environments. An estimate of such effects can be obtained from the resemblance of nephew or niece to the spouse aunt in kinships of male twins and to the spouse uncle in kinships of female twins. In the absence of assorlative mating, the children share neither genes nor a household environment with the spouse aunt or uncle, and any behavioral resemblance would therefore suggest an environmental covariance common to all members of the kinship.
Because their twin parents have identical sets of nuclear genes, children of MZ twins are genetically related to one another as half-siblings; socially, they are reared as cousins in separate homes. Further, in contrast to conventional halfsiblings resulting from divorce, death of a parent, or illegitimacy, MZ half-siblings are expected to be of the same age and size. Accordingly, offspring of MZ twins afford a unique human parallel to methods employed in animal genetics, where controlled matings of sires to multiple dams yield estimates of genetic, environmental, and maternal effects from a nested analysis of variance of the fulland half-sib progeny. Better still, half-sib progeny occur with equal frequency among maternal and paternal MZ twins, providing a balanced research paradigm that cannot be achieved in lower animals even with controlled matings. To illustrate the paradigm, we here present a study in which it is applied to the Block Design Subtest of the Wechsler Intelligence Scales.
Wechsler's Block Design Test is an adaptation of one introduced in 1923 by Kohs (6) , who presented evidence that results from his test correlated highly with results from the Stanford Binet but, unlike the Binet, had only a modest relation to level of education. Research with Wechsler's adaptation supports Kohs's assertion that the block test provides a measure of general intelligence. Across a wide age range, block design is highly related to the general factor common to all Wechsler subtcsts (7); it is the most reliable of the nonverbal subtests, and no The regressions and correlations for all genetic relationships differ significantly from zero; those for the two nongenetic relationships, the spouse correlation and the regression of nephew or niece on spo'use uncle or aunt, do not. Sample sizes for most of the estimates are modest, however, and confidence intervals are quite large.
measure of cognitive ability except vocabulary has lower error variance (8) .
Block design correlates highly with the vocabulary and information subtests, yet in contrast to these verbal tests is but weakly correlated with education (9) and, perhaps as a consequence, is not influenced by assortative mating (10), again in contrast to the verbal scales.
To serve as a genetic guide for the analysis of block test scores, we have analyzed the fingerprint ridge counts of the study population. Total ridge count is a well-documented example of polygenic inheritance (11) that is largely unaffected by postnatal environmental influences, the number of ridges being fixed about the 12th week after conception.
The block test was administered to 550 members of 65 MZ twin kinships (12) . The regression and correlation results for block design and total ridge count are summarized in Table 1 (13). For both traits, familial resemblance appears to be a direct function of shared genes. The parent-offspring regression is comparable in magnitude to that between twin uncle or aunt and nephew or niece (14) but in the absence of shared genes neither trait exhibits significant familial aggregation. There is no resemblance between spouse uncle or aunt and nephew or niece nor between husband and wife. Neither environmental covariance nor assortative mating appears to influence either trait.
The parallel pattern of results for block design and for ridge count provides evidence of significant genetic Variation in nonverbal intelligence. We emphasize that the evidence is obtained from normal children reared in their natural homes by their biological parents, children who differ in no known way from the larger population to which we wish to draw inferences (75). Table 2 presents heritability estimates for both 1154 traits that can be derived from the data. The estimates show remarkably close agreement across the multiple genetic relationships contained within each kinship, but the reader is cautioned that they are not statistically independent.
Our analyses suggest that substantial variance in Block Design Test scores is genetic in origin (16). An equivalent conclusion, of course, is that substantial variance in those scores is attributable to nongenetic influences, and the twin-family methods which establish genetic variance can also identify systematic sources of environmental influence on nonverbal IQ. 0ur methodology enables us to assess uniquely one potential source of environmental variation, that of maternal effects. A nested analysis of variance of the offspring data permits a direct comparison of the relative similarity of maternal and paternal half-siblings. In this preliminary sample, we find no evidence of maternal effects in block design data, although such influences are present in verbal IQ scores (17). Independently, The ratio of additive genetic variance to total phenotypic variation defines the heritability, li' 2 . From the composition of phenotypic covariances, the regression or correlation of relatives can be expressed as estimates of A 2 (19) . Interpretation of the estimates should take into account the imprecision of the coefficients on which they are based, the restricted range of variation in our sample, and the fact that possible effects of common environment and dominance variation have been ignored. volunteer, Caucasian sample. Some self-selection, expected in voluntary research, is evident in socioeconomic and educational characteristics of the participants. The IQ data exhibit elevated means and restricted variances: Wechsler scales are standardized on representative national samples with mean = 10 and S.D. = 3; Block Design Test scores of this sample have mean = 11.98 and S.D. = 2.78. Means and variances are homogenous for the twin and nontwin parents, for the children and adults, and for males and females. As part of a half-day protocol of medical and behavioral research, the subjects were tested individually by trained examiners, the same team . of examiners being assigned to all members of each MZ kinship. Subjects aged 6 through 15 (189 offspring) were given the 1974 revision of the Wechsler Intelligence Scale for Children (WISC); subjects age 16 and over (129 offspring and all parents) were tested with the Wcchs-
